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Abstract 
Net-Zero-Energy-Buildings (Net-ZEBs) are part of both the U.S. Department of Energy 2020 policy and the 
American Institute of Architecture 2030 Agenda on energy conservation, efficiency benchmarking and carbon 
neutrality for buildings. This research paper connects to these national frameworks for diagnosing, redesigning, 
retrofitting and transforming the 9,476 m2 large Paul L. Cejas Architecture (PCA) College of the Florida 
International University in Miami into a Net-Zero-Energy-Building. The PCA complex was designed by the 
renowned architect Bernard Tschumi in 2003. The reputation of this architecture involves difficult design issues for 
any resource efficient retrofitting Net-ZEB master plan of the future. In November 2012 an interdisciplinary research 
team at FIU started to analyze and deploy a smart-sensor infrastructure within the PCA complex, compatible with the 
‘The Metasys® building management system’ from Johnson Controls, to collect real-time data, identify problems and 
develop strategies to implement conservation measures. The paper will compare these different energy, water and 
CO2 reduction strategies with automated data collection techniques. The research paper concludes with 3-D-BIM 
(Building Information Modeling) resource scenarios of how to improve the performance of the PCA with passive and 
active strategies towards a Net-Zero-Energy-Building by 2018. 
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1. Background 
The U.S. Federal Net-Zero-Energy Building Executive Order 13514, signed in October 2009, requires 
all new Federal buildings that are entering the planning process in 2020 or thereafter be designed to 
achieve Zero-Net-Energy by 2030. In addition, the Executive Order requires at least 15% of existing 
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buildings (over 500 m2) meet the Guiding Principles for Federal Leadership in High Performance and 
Sustainable Buildings by 2015, with annual progress towards 100% conformance. 
Paradoxically, according to the 2010 Florida State University System Energy Conservation Report,  
Florida International University (FIU) topped all state universities in energy conservation for three 
consecutive years with a score of 61.9590 kBTU per sf.  However, this deceptive celebrated energy score 
is not benchmarked against the AIA and U.S. Department of Energy 2030 goal to make buildings and 
campus facilities carbon-neutral by 2030 [1]. 
 
In general, the majority of architecture schools are still operated as energy hogs. This excessive fossil 
energy usage costs nationwide Schools and tax payers hundreds of millions of dollars every year. To date, 
the basic curricular design process components with integrated project delivery metrics for a robust 
transformational Net-Zero-Design regulatory framework are either incomplete or missing in most 
accredited architectural schools and in the profession of the U.S. [2]. It is just a matter of time, when these 
hypocritical building management patterns of ‘how architectural schools are wastefully operated’ trigger 
negative national public attention and criticism.  
 
The following overall master plan for applied research on energy retrofitting design and conservation 
strategies for the Paul L. Cejas Architecture School Complex shows how building operation cost and 
CO2e reduction through passive and active energy saving strategies will be achieved in the next years. 
The master plan entails daily real-time feedback monitoring data and yearly post-occupancy-evaluation 
techniques. The plan also offers hands on workshops, courses and training opportunities for staff and 
students in collaboration with the new Structures and Environmental Technologies Lab (SET) of the 
School of Architecture (completion in fall 2013), the FIU Facility Management and the FIU Sustainability 
Office. The master plan will enhance student experience and faculty research, community engagement, 
and industry -government collaborations on how to transform the Paul L. Cejas School complex into a 
future Net-Zero-Energy Building (NET-ZEB).  
2. FIU Paul L. Cejas Architecture Complex - Location and Building Data 
The Paul L. Cejas School of Architecture Building is named in honor of the former Ambassador to 
Belgium and South Florida civic leader who was one of the most important advocates and sponsor in the 
establishment of the FIU School of Architecture. PCA is located on the North West side of the Florida 
International University’s Modesto A. Maidique Campus (Figure 1) 
 
 
 
 
 
 
 
 
 
Fig. 1. Research Boundary of the NET-ZEB Paul Cejas School of Architecture, Florida International University, Modesto A. 
Maidique Campus. Coordinates: +25°, 45’23.44’,-80°, 22.’34,67, +25°, 45’23.44’, 1m (3ft) a. s. l. Address: 11200 SW 8th Street, 
Miami, FL 33199, Miami, Florida, 33199, USA. Climate: Subtropical Zone, Koeppken. Plan view: Thomas Spiegelhalter, 2013. 
 
The 9,246 m2 facility was designed by architect Bernard Tschumi and features a multi-level studio in the 
north area of PCA with space for 375 students. The architectural design consists of two three story wings 
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made of a simple structural pre-cast concrete without added insulation arranged around a central 
courtyard surrounded by two 3-story lecture, studio and exhibition buildings. 
The daily occupancy load is estimated by 1,932 users (students, staff and faculty), which has a significant 
impact on the thermal comfort levels through high internal heat and moisture loads. 
The space and occupancy breakdown entails administration, staff and faculty offices, lecture hall, 
exhibition spaces, studios, classrooms, printing and computer labs, 3-D model workshop, storage, 
restrooms and mechanical rooms. All the spaces are color coded and visualized in percentages in Figure 
2. The building’s mass is predominantly constructed out of precast concrete.  
2.1. Net-ZEB and Master Plan Objectives  
The first phase included the deployment of a wireless smart-sensor infrastructure system, compatible 
with the existing Metasys®building management system from Johnson Controls, to collect real-time data, 
to identify and compare problems and strategies to significantly reduce operational building energy use, 
improve thermal comfort while reducing CO2 emissions and operating costs in the long-term. 
 
Fig. 2. Building metrics of the entire PCA complex with specific breakdown in percentages for all the occupancy types. Source: 
Thomas Spiegelhalter, 2013. 
 
The second phase entailed an interdisciplinary research team consisting of one graduate student, one 
faculty and staff from the FIU Facilities Management to assess with 3-D modeling tools the water and 
energy consumption of the PCA complex. This baseline assessment of the PCA complex then serves for 
multiple ‘what-if scenario” in how to reduce efficiently the environmental footprint through passive and 
active water and energy saving implementation strategies. In overall the Paul L. Cejas NET-ZEB Master 
Plan aims to implement conservation strategies and produce onsite renewable energy to match the AIA 
2030 Agenda and U.S. Federal NET-ZEB 2018-2020 criteria for the PCA building in the long run. 
2.2.Gap Analysis and Strategy Implementation 
After the gap analysis of the PCA building systems was conducted, space zonings, materials and 
monitoring capabilities of the following implementation steps have been identified: 
 
- Install the missing flow meters for chilled water; domestic and reusable condense water, and sub 
meters for electricity (power/lighting). 
- Establish a wireless Network Drop for the new SET lab to connect the NAE to the existing 
Johnson Control Metasys®Campus network and ADX Server.  
- Deployment of a new wireless smart-sensor infra-structure system, compatible with the existing 
Metasys® building management system to collect real-time data. This includes sensors for space 
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occupancy patterns, thermal comfort related occupancy and activity control problems, energy and 
water use, temperature and humidity, lighting patterns, heat transfer through the building 
enclosures, and typical thermal bridges.  
 
The additional sensor data will help to identify problems and compare strategies to significantly reduce 
operational building energy and water use, improve thermal comfort while reducing CO2 emissions and 
operating costs in the long-term. Below is the summary of the five most important steps of the two phases 
for the baseline development of the Paul L. Cejas Net-Zero-Energy-Building Master Plan: (Figure 3)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Work plan of the five steps of implementation. Source: Author, 2013 
2.3.Parametric 2-D/3-D-Simulation and Scenario Results 
The baseline run with the existing construction properties and performance parameters and the alternative 
multiple scenario simulations were conducted with Autodesk REVIT MEP, eQuest and Green Building 
Studio Cloud Software. Additional plug-ins were used such as Ecotect, Vasari and the Heat Load ISO EN 
12831 Code Calculation.  Figure 4 shows a baseline excerpt of the occupancy and performance metrics. 
Figure 5 and 6 reveal the problem, that Universities in Florida do not comply with the energy code. That’s 
why the annual total energy for space cooling, lights, vent fans, equipment and hot water is much higher 
than if university buildings would comply with the Florida Energy Code. However, the existing Florida 
Energy Code is anyway insufficient to achieve a Net-Zero-Energy Building by 2030. 
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Fig. 4. Baseline run with occupancy and building performance metrics of the entire PCA complex. Source: Thomas 
Spiegelhalter, 2013. 
 
Fig. 5.  Comparative annual total energy simulations: Florida code, net-zero and existing PCA construction base run. Source: 
Thomas Spiegelhalter, 2013. 
 
All the alternative scenarios were carry out on an hourly baseline using the TM2 weather file for Miami 
IAP, Climate Zone 1A, and the ASHRAE 90.-1-2012, Appendix G assessment. The baseline comparison 
and the Net-Zero-Energy alternative were also simulated with the Energy Use Intensity (EUI) values and 
the U.S. Energy Star TARGET FINDER scoring 73 from the Energy Star Portfolio [3]. 
Fig. 6: Net-Zero-Construction simulation alternatives with U-and R values. Summary of the total Annual energy savings based on 
the best selected Net-Zero-Energy-Building proposal. Source: Thomas Spiegelhalter, 2013. 
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In addition, the best alternative scenario includes a 75% efficient Heat-Energy-Recovery and Absorption 
Chiller system to provide 260,000 kWh cooling by 195.000 kWh total energy savings compared to a 
standard system with electrified compressor chillers. The onsite renewable energy production also 
includes new proposed large-scale photovoltaic arrays composed of 5,388 m2 Sun Power SPR-435-NE-
WHT-D monocrystalline silicon panels with 21% efficiency rating to produce 1,280,000 kWh/year of the 
building’s estimated annual energy demand (Figure 7). 
 
 
Fig. 7. Images 1 show the existing PCA complex. Images 2 show the Net-Zero-PCA simulation with the new building integrated 
5,388 m2 Sun Power PV arrays. Source: Thomas Spiegelhalter, 2013. 
 
3. Accuracy Issues in Data Collection and Measuring 
The user behavior pattern (number of occupants, schedules, etc.) and the real-time measurement of the 
energy and water consumption for all loads (HVAC, lighting, etc.) as it relates to indoor and outdoor 
environmental variables (temperature, relative humidity, luminance, etc.) over a period of time are the 
most important components of this NET-ZEB master planning project.  To ensure the validity of the 
planned implementation, processing and benchmarking effort, the following have been identified as key 
criteria for the measurement process: Accuracy, high temporal and spatial resolution, adequate 
aggregation for trend and pattern identification, synchronization of measurements of different para-meters 
for correlation studies.  
     As previously mentioned, based on these criteria, two complementary systems have been selected to 
collect the data of interest.  The first one is the preinstalled sensor and actuator system of Johnson 
Controls Inc. (JCI). JCI sensors continuously measure the temperature and relative humidity in every 
room at a single point, temperature of the room air supply and return air in all individual HVAC air ducts, 
electrical power consumption of lighting systems and water pumps on all floors, and electrical power 
consumption of the central HVAC units. The measured data is uploaded to JCI’s proprietary METASYS 
server for real-time monitoring and archiving through a dedicated network. Even with its extensive 
capabilities, the current JCI system has some deficiencies for this project. It measures temperature in only 
the rooms and at only a single point. 
According to the JCI engineers, humidity sensors were not placed in each room but rather, they were 
located on each unit at the return air far away from the regular 3 feet (90 cm) thermal comfort measuring 
locations.  Most of the space zonings however, do have both a CO2 sensor and wireless zoning sensors 
which record the room or zone temperatures based on thermal comfort. 
 
Figure 8 shows a typical hot and humid August Design Cooling Day with 92 F (33,3 C) outdoor air 
and 0.017 lb/lb specific humidity content.  The central cooling coil outlet temperature is approximate 52 F 
(11 C) whereas the Supply Fan Outlet is 55 F (12,7 C). The room air is measured by 78 F (25,5 C) 
whereas the reclaimed ventilation outlet is at 82 F (27,7 C). The preliminary assumptions show that most 
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of the existing PCA enclosure systems lack efficient U-and R-values and are subject to major thermal 
bridge problems with extreme high heat transfer impacts through the building enclosure into the cooled 
spaces of the PCA complex. The author assembled real-time infrared images of selected typical façade 
details and compared the heat transfer temperature with the outdoor and indoor temperature values. 
(Figure 10) The thermal bridges were then eliminated and the R-Values of all façade elements were then 
increased in the alternative 3-D NET-ZEB scenario model. The comparative and parametric 3-D heat 
transfer analysis helped to identify retrofitting strategies with higher R-values in order to minimize 
significantly with passive means the total annual cooling load and CO2 production. 
Figure 8 shows an excerpt of the perspective and horizontal building section of the Vasari wind tunnel 
simulation of the PCA complex. The best selected season for controlled natural cross ventilation 
strategies, based on psychrometric calculations for 31% thermal comfort according to ASHRAE, is 
November, December and January with the lowest temperature and humidity levels throughout the year. 
 
 
 
 
 
 
 
 
Fig. 8. Right image: Perspective view of the Vasari wind tunnel simulation of the PCA complex, selected season November and 
December with the lowest temperature and humidity levels. Left image: Horizontal section view of the wind patterns, pressure and 
Pascal. Source: Thomas Spiegelhalter, 2013 
 
The preinstalled JCI system neither monitors the outdoor environmental variables, nor the occupancy 
of the zonings under reliable monitoring conditions.  Illumination levels are also not measured at any 
point. It was therefore necessary to install a complementary sensor network with different components. A 
wireless sensor system from MONNITTM has been chosen to measure the temperature, relative humidity, 
and intensity of light in lux (luminescence/unit area) at multiple points in each room. The points have 
been selected to allow for the extraction of the spatial gradient of the measured parameters. The measured 
data is wirelessly transferred to a dedicated web server for storage and further processing. To monitor the 
occupancy level in the rooms and lecture hall, wireless network cameras have been adopted for 
installation. These cameras can be remotely controlled and the acquired video processed using in-house 
developed software to extract the number of people in the rooms or assembly spaces. Outdoor 
environmental variables are monitored using the HOBOTM outdoor weather station which continuously 
measures temperature, relative humidity, light intensity, rain, wind speed, direction and barometric 
pressure. 
 
 
 
 
 
 
 
 
 
Fig. 9. Design Cooling Day in August: 1. Outdoor Air; 2. Ventilation Reclaim Outlet; 3. Mixed Air; 4. Central Cooling Coil 
Outlet; 5. Supply Fan Outlet; 6. Room Air; 7. Return Plenum Outlet; 8. Return Duct Outlet. Source: Thomas Spiegelhalter, 2013. 
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Fig. 10. Left image: Studio window frame with view into courtyard. Right image: The FLIR infrared image show the indoor surface 
temperature with 79 F by an outside temperature of 98,8 F and higher of the no insulated window frame area as a typical thermal 
bridge, while the air cooling supply in the Interior space is set by 54 F . Recorded on 3/12, 2012. Source: Thomas Spiegelhalter. 
 
This system can also wirelessly upload the measured data to a dedicated web server for further scenario 3-
D-BIM modeling.  The data collected from different sources are time-stamped to study the correlation 
between different parameters, specifically the effect of environmental variables and space usage patterns 
on energy and water consumption. 
4. Net-Zero-Energy Retrofitting Return of Investment 
       In average a typical 4,645 m2 (50,000 sf) higher-education building in the U.S. uses more than 
$150,000 worth of energy each year. Energy-saving measures thus represent a substantial resource for 
freeing up funds that a college or university can use elsewhere. Moreover, an energy and water efficient 
building can result in improved occupant comfort, academic performance, staff retention, and community 
support.  The largest consumers of electricity in the PCA complex are lighting, ventilation, and cooling. 
Excessive all year round space cooling, thermal bridges in window frames and doors, 7/24/365 operated 
lighting, computer and office equipment accounts for the vast majority of the expensive and the 
environment impacting fossil fuel use in PCA. As a result, these areas are the best design retrofitting and 
conservation targets for longer-term energy-water-saving solutions.  
By implementing all these economical energy and water efficiency measures, the PCA-complex has the 
potential to cut the building operation bills and Greenhouse Gas Emissions by 30 percent or more by 
2018.  
5. Conclusion 
    This paper demonstrates a critical examination of how integrated smart sensor-technology and 
parametric 3-D modeling can assist architects in producing a detailed 'what if' resource-usage scenario, 
which enhances the design, operation, real-time monitoring, and benchmarking of a future Net-Zero-
Energy-Campus Building’s target towards carbon neutrality by 2018. 
The current energy performance benchmarking system of the PCA building shows considerable variance 
between the actual energy use and the estimated and simulated energy and water use. The proposed 
general pathway to achieve a Net-ZEB status for the PCA complex has two major steps: first, reducing 
energy and water demand by means of conservation (avoiding excessive heat transfer into the building 
with passive means) and energy efficiency measures (implementing a smart integrated sensor 
infrastructure to better control HVAC and lighting, occupancy schedules). Second, generating onsite or 
distributed renewable energy mix carriers, by means of energy supply options for green credits to achieve 
the balance needed to make Paul L. Cejas College of Architecture a NET-ZEB (Figure 11). 
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Figure 11: PCA-CARTA-Energy efficiency improvement graph representing the Net-ZEC balance to match  
the AIA 2030 agenda of Carbon Neutrality. Source: Thomas Spiegelhalter, 2012. 
 
For the PCA building operators, and in long run for the University et all, this becomes a tool that is 
updated yearly and used to expand environmentally progressive practices and applied research 
continually on the campus. It provides a critical means and feedback loop for universal environmental 
research and education for the students, staff, and faculty. It helps to create leadership in defining how to 
achieve carbon neutrality and provides a model for the campus community and the surrounding local 
community at large. 
Acknowledgements 
The author gratefully acknowledges the financial support provided by the Paul L. Cejas Research 
Award committee and the FIU facilities management and the efforts of research assistant Rufino Gil for 
data modeling.  
References 
[1] American Institute of Architects, AIA 2030 Commitment Reporting Tool, [Online]. Available:    
http://www.aia.org/about/initiatives/aiab079458, [12 May 2013].  
[2] Thomas Spiegelhalter. (2012). Modeling Net-Zero-Fossil-Energy Buildings with 3D/4D Parametric BIM Performance  
Tools. In Journal of Green Building, Industry Research, Volume 7, Issue 4, 10 pgs. 
[3] Energy Star Target Finder Tool, Sustainable Design and CO2 Reduction Goals [Online]. Available:  
http://www.energystar.gov/index.cfm?c=new_bldg_design.bus_target_finder, [12 May 2013].  
 
 
